A method on green plants recognition based on wavelet transform and varied local edge patterns (VLEP) is proposed in this paper. Firstly the original image is decomposed by wavelet transformation. Then texture features are extracted using VLEPs. At the same time, block-based and multi-resolution ideas are considered together to extract features after images are transformed by wavelet. Finally, the fused texture features are classified by the nearest neighbor method. The experimental results show that the proposed method is a promising method for recognizing the green plants. And combination of block-based and multi-resolution ideas can further improve the accuracy effectively.
Introduction
Texture is an important visual cue, which is common and difficult to describe, Texture feature is a kind of global feature, which needs to be calculated in the region with multiple pixels. In the pattern matching, this feature has a great of advantages. It not only can overcome the adverse effects of local bias, but also has a rotation invariance property. At the same time, it has strong resistance to noise. Therefore, texture is one of the most important features in image classification.
A lot of texture feature extraction methods have been developed in the field of computer vision and image classification. The gray level co-occurrence matrix proposed by Haralick [1] was based on estimating image's two order combined conditional probability density, and it reflects the comprehensive information on the gray image direction, adjacent interval and amplitude of variation. The fractal model proposed by Pentland [2] organically combines the spatial information and gray information of the image, which can be used to accurately express the texture features. Mallat [3] introduces the wavelet theory to the texture analysis, which can analyze the texture on the fine scale. The local binary pattern (LBP) is a very promising method proposed by Ojala [4] et al. in 2002. This method of texture analysis has some advantages such as low computational complexity, multi-scale characteristics and rotation invariant property. Since then, many new methods have been developed on the basis of LBP, such as Local binary pattern histogram fourier [5] (LBP-HF), Local binary pattern variance [6] (LBPV), Adaptive local binary pattern [7] (ALBP), Local ternary pattern [8] (LTP) and so on.
A texture analysis method on green plants recognition based on wavelet transform and varied local edge patterns [9] (VLEP) is proposed in this paper, which combines with the idea of block fusion and multi-resolution fusion so that the extracted texture features are more accurate and rich.
Wavelet Transform
Wavelet analysis system can conduct the local conversion in time and frequency domain. The wavelet function and scale function of two-dimensional wavelet decomposition algorithm [10] are composed of one-dimensional wavelet function and scale function after the transformation of vector product. The low-frequency part cAj of the scale j is decomposed into one low-frequency sub-series and some high-frequency sub-series in three directions: horizontal, vertical and diagonal by two-dimensional wavelet decomposition, as shown in Figure 1 . At each level of the transform, the image is transformed into 4 images which size is 1/4 of the original image. The specific decomposition formula is as follows: 
VLEP-based Edge Feature Extraction
According to the method in the literature [9] , we can extract the edge and non-edge information by using the local edge operator is the number of non-edge VLEP operator, and its detailed information can refer to the literature [9] . If the same type of the subdivided edge or non-edge in each texture image is made statistics using the equation (4), we can obtain the more compact feature vector as follows 11 11 1 ' , , , 
Block Fusion Idea
The idea of block [11] means using sub blocks to represent information of the original image, and it can be applied to any method of using histogram spectrum feature to describe image texture information. Firstly, the original image is divided into several sub blocks, and then the histogram map features of all sub blocks are extracted and linked together in a certain order, as the feature 
Multi-resolution Fusion
Because the image often contains some large structural features, only using a small neighborhood texture operator is not enough to accurately express the image texture information. Therefore in this paper the idea of multi-resolution fusion with different radius R and nearest neighbor P is considered. The adjacent texture operator are not completely independent of each other, and adjacent texels may be restricted each other so that the effective area of each simple operator is slightly larger than the original neighborhood. For the same image, the information contained in texture operators of different spatial range is not completely consistent. Therefore, it is more accurate and complete to obtain the image information by using the multi-resolution fusion operator.
Classifier
The nearest neighbor classifier is a simple and effective classification criterion, which can be used to calculate the similarity and difference between two histograms. In this paper, Euclidean distance is used as a criterion, which expressed by the following formula 
Experimental Results and Analysis
The green plant images used in this experiment come from the green plant database of Beijing Technology and Business University. This database includes 80 classes of green plants, and 15 sufficiently large images ( 500 331  ) in each class are selected in the experiments. Among them, the first 6 images in each class were used as training images. Therefore, there are 480 (80*6 =480) training models and 720 (80*9 = 720) testing samples. The complexity of the image database is relatively high, because leaf size, plant number, shooting background, shooting angle and distance are not the same. All of these factors will increase the difficulty of species identification, but they more contribute to be close to the real application situation of plant species identification. Figure 2 shows several examples in the database. Firstly, the original image is decomposed into 4 sub images by first-level wavelet. Then each sub image is divided into 2 blocks, as shown in Figure 3 . Subsequently the VLEP operator is used to extract the texture features of each sub block. Finally the 8 spectrum features are connected in series to form a fusion spectrum feature, and used for recognition. In order to verify the influence of different resolution VLEP operators on the experimental results, the operator with ( , ) (8, 1) PR  and the operator with ( , ) (16, 3) PR  are selected in the experiment respectively. For showing the effectiveness of the proposed algorithm, some other algorithms under the same conditions are used to carry out comparative experiments. In the following table experimental results of rotation invariant variance [4] , local binary pattern [4] , local binary pattern histogram fourier [5] (LBP-HF), adaptive local binary pattern [6] (ALBP) and the proposed algorithm in this paper are listed. ALBP . The main reason is that the larger the nearest neighbor P is, the higher the resolution is. Therefore, the more the direction of the extracted texture information is, the more abundant details are. Finally the recognition results are better.
Compared with these methods, the proposed algorithm obtains the best results at each single resolution. The recognition rates of operator with P=8 and operator with P=16 respectively reach 25.83% and 26.67%.
In order to prove the validity of multi-resolution fusion theory, the two spectrum features respectively extracted by the operator with ( , ) (8, 1) PR  and the operator with ( , ) (16,3) PR  are connected in series to form a fusion spectrum feature, and used for recognition. Its recognition rate can reach 27.78%. The experimental results show that the proposed algorithm can be used to identify green plants under complex background. At the same time, the idea of multi-resolution fusion can further improve the recognition results. It should be noted that green plant texture classification belongs to the fine-grained category problem. This fine image classification task is more difficult, so the recognition rate is not easy to improve obviously.
Conclusion
In this paper, a method of green plant recognition based on wavelet transform and variable local edge pattern is proposed. Firstly, the image is decomposed by wavelet transform. Then the image texture features are extracted by the variable local edge pattern. At the same time, combined with the idea of block and multi resolution the recognition results are further improved. Because the variable local edge pattern has multi-scale and multi direction (multi-resolution) properties, it is possible to characterize different local spatial scale and orientation information of texture. Wavelet transform can enhance the effective information of texture primitives, prevent aliasing and reduce the interference caused by noise. The experimental results show that the method proposed in this paper can be used to effectively identify green plant species. Our future work is to further improve the model of texture feature extraction algorithm so that the accuracy of identification can further increase.
